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1. Intreductioen

The needs of nuclear material engineering for intensive
sources of nuclear radiation are growing all the time. Reactors
are being constructed in which the materials and assemblies ef
various devices can withstand ever increasing fluxes of thermal
and fast neutrons, which makes it pessible te study destructien
of the fuel assemblies (Ref.l), sbtain trans-uranium elements
(Ref.2), investigate the properties of short-lived nuclei (Rer.3).
Ten years ago a thermal neutren flux ef about lo'mcm'asec"1 was
considered te be very high whereas at present there are reactors
which produce short-time fluxes as high as ~ 2!.0'16 2 1. It
may be suppesed that the fluxes will grew te still higher values.
However, since each specific methed of obtaining intensive
nuclear radiatiens has its limitations these metheds will change in
quality. One of the new metheds is the use of undergreund nuclear
explesiens fer ebtaining pewerful neutren impulses (Ref.4).
_ Studying the maximum petentialities of the used pewerful
— neutren seurces 1s & main theeretical preblem. It will be shewn —
' belew that for a given amount ef emergy which can be taken by ene
velume unit ¢f the ceelant there is a constant 1imit te which the
neutren density in the core of the reacter can be increased, re-
gardless eof the lmewn reacter type.
The paper decels with pulsed reactors, reacters with fuel
B matien relative te the core, reacters with transfer ef heat Irem —
fuel te coolant and reacters with oppesing coelant streams. "

cm “sec”
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2. ulsed reactors

The pulsed reactor kcups operating unitl it heats up to the li-
mit imposed by its censtructien and the materials. Then the reactor
has to ceol dewn betere it again becomes operative (the heat less
during the eperatien is ususlly negligibly small),

Apart frem ceoeling the eperation cycle of a pulsed reacter can
be divided inte three stages: build-up of pewer te the maximum level
operation at this level, cellapse of the power, As the reactor heats
up during all three stages, the shorter the duration of each stage,
the higher the maximum power.

The rate ef neutron deneity n growth (and, consequently, the
rate of pewer growth) is limited by an expenential curve with a pe-

ried,
!

Tmin = VS(Kp") (1)

where (Kaw ~1) is the maximum poessible supercriticality of the
reacter (of infinite dimensiens), V - velocity of fissien-preducing
neutrons, £ -abserbtien cress-sectien ef these neutrons. With
such neutren density grewth when it reaches maximum the integral
(in time) neutren density is equal te

Jndt = parPuax (2)

dccerdingly, the heat accumulated per velume unit ef the reacter
will be equal te Q=1 , n VK, £ 2 . Here, E, -
fissien energy, Yf - neutren yield f)’er fissien event, K, f/Yf
liberatlien of energy correspending te the absorbtien of ene neutren,

The value of  cannet exceed the permissible heat liberatiehn
per velume unit of the reacter Qmax’ The equality +f Q and Qmax is
pessible enly with the zers duratien ef the epera8ing duty and in-~
stantenecous cellapse of pewer. Therefore the neutren dunsity cannet
exceed the value given by

Romax = _‘9.":__{'.__ (3)
Ton VK. Ep
which means that in accerdance with (1)

yf

Om

Toae + (% = - Er
-2-
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()
Let us represent Q.. as the number of atems per veolume unit ef

the reactor (N) multiplied by the maximum energy which can be
on the average imparted teo cach atom ( e ):

(!)mml N A/‘q
Then

] . §

Npar = (>,/1 py ) E( 1 (6)

If the construction of the reactor does net previde for the tran-
sition of the core to the plasma state, the value of € must
not excecd several tenths of an elecvron-volt. Assuming that

23 - . / L
N~ 0,500 Y, Evode £y w2/ 0%, Mp~ds, Rea~d,

we obtain

b =3

0 oox fVlO’l cm™

The neutren flux depends on the energy of the neutrons which
cause the bulk of fissiens, In the thermal energy regien the cress—
sectien of many impertant reactions with neutrens fellews appro-
ximately the 1/V law, therefere "n" is in many cases a sufficient
characteristic for thermal-neutren reacters. It is pessible, by way
of illustratien, te caiculate the flux referred te a reem tempcra-~
ture, regardless eof ' .ctual average temperature, i.e., te multi-
ply "n" by 2...107cm/sec. The result is

P max 2.10%cn2gec™1

In practice 1t is rather difficult te shut dewn instantaneeusly
a pulsed reacter with large suver criticality i.e. for the time
smaller than Tmin‘ If the reactor is shut down due te the negative
linear thermal effect the reactivity decrease is prepertienal te
the nccumnlated heat;nm drops feur times. Besides, the real super—
cr- 'n1lity is always smaller than Ko ~1l.

ie neutren density can be increased beyend 10140m'3 enly in
Plasma~type reacters, i.e. by heating the cere te 104 deg. and abeve,
However, the reacters ef such types differ in principle from these
which have Se far been mastered by the reactor engineering.

It may be mentiened that & /Ep is the ratie ef the fissiened

374

-3 =
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nucleil te the full number of the nuclel in the cere (Qmax/Ef is
the number of fissien events per velume unit). Censequently 5/Ef< 1.
The ultimate limit, which is not achieved even in the atom bemb /

o =(Ye=1) N ~ 1082cn™

3. Reacters with Yuel Motion Relative te the Cere

ln these reactors the fuel, thoreughly mixed with liquid or
gaseous ceslant, meves threugh the core at a high speed (hemegeneous
reacters), These reacters alse include cyclepiles (Ref.5) in which
the zone with a high neutren flux meves aleng the leng reacter
bedy. Since it dees net matter what is at rest - the geemetrical
region where fissien is going on (cere) er the mixture ef the fuel
with the coolant, tkis type of reacter actually differs enly in
the fact that the ceelant may be in any aggregation state and, par-
ticularly, in a selid state,

Let us assume that a wave ef the neutron flux and ef the
heating-up travels aleng the reactor with a velocity U. The abser-
bers which were used to make the reactor subcritical are removed
from the celd reactor bedy at the forward frent ef the wave. Abser—
bers may be ingerted inte the het cere at the rear front of the
wave te shut dewn the chain reactien 3e as te aveid excessive hea-
ting. If the negative thermal effect is sufficiently large there is
ne need te use rear abserbers,

The homegeneous reactors are net usually provided with front
or rear abserbers. Instead, the cross-section ef the stream sharply
narrewed, as it leaves the core, the neutren leakage increases and
the reaction is shut down ever a shert sectien.

For the reugh description ef the precess given belew the
difference between the insertien of an abserber and narrewing o1
the cress-section is inessential,

It weuld seem at a £irsh glance that in this type of reactor
the neutren density can be increased limitless even with a given
heating limit by merely increasing the velocity U ef the motion of
the beundary which divides the region of the celd subcritical reactor
frem the supercritical regien ¢f the core,

374 -4 -
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0f ceurse, this invelves engincering problems - the tested mo-
terials sheuld steadily kecp up with the travelling ncutron field,
so thut they were subjected to irradiation during the time while the
wave travels round the reactor body (if the core is stationary the
mixture of the fuel and coolant must be circulated at a high velo~
city). Besides to preserve the duration of irradiatien at the higher
velocities the reactor length must be increased respectively (if
the reactor is te cool dewn whlile the wave travells round the re-
actoer the capacity of the coeoling system must grow with the veclo-
city U). However, these problems can be solved in principle.

It appars, however, thet as the wvelocity U increases the
neutron density first grews in propertien to U but then tends te
a certain limit. Te illustrate this let ur compose a simplified
unidimensienal single-group equation whicl describes the distribu-
tien of the neutron flux aleng the core:

(S, pip)dn - W
Px? Jt v Je (7)

Here X.z, - the difference between the material parameter
and. the radial geometric parameter V and D - the velesity and
diffusien constant fer the fissien-producing neutrens,

In the case of a travelling wave the time derivative ( 515 is
the functioen x - ut) can be expressed threugh the ceerdinate

derivative
_Qﬁ > - M d¢

e t oX (8 )
We ebtain the equatien

A4 u  dé
it g (¥ deo (9)
A x r®  dx
Outside the cere &¥’x 1is a high negative value. Inside the
ceore &ii and VD are, generally spesaking, varialles as the
heating affects the neutren balance and the operating spectrum,
This fact is very impertant when Doax has te be calculated fer
seme specific reacter. Te find the maximum value nmuthey can be
substituted with seme average values.
Iet us first assume that in the reacter psrtiens blackened
by the abserbers the flux is zere, i.e. HXf=-co . Then the

374
-5-
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critical length of the corc (bthe distance betweon the front and rear
absorbers ) is equal to
= 0 ‘

J’,‘V/"X" (10)

whe ) .
wore T tvage, 011)

At Y =1, obtain 8= ¢o . The corresponding velocity U is yet small
as compareé¢ with the neutron velocity as D 98x << 1, At Y 1 Eq.(g)
(9) has ne solutien that would become zere at two values of X.
This case will be discussed separately,

The distributien of the flux and the neutron density within
the reactor is described by the formula

hon @ & E G (1007 T
(12)
(X = 0 - rear boundary, X = 8, - front beundary of the reaction zene,)
At small values of Y  the curve is symmetrical, bu’ when ¥’
is clese to 1 the maximum is displaced towards the rear front ef
the wave, The non-uniformity factor of the neutron flux distributien
within the core is equal te

A =
K=o T € ymm wcly =58

X
Tee VmE Ty o (12)
The integral neutron density J’n oLt for seme peint of the
reacter can be represented in the form

~

JnoLf < Ray. %j

where ([, / W - the time taken by the neutron wave to pass the
point, Substituting Dy, With Doy WE obtain

j ndt = n T oo (14)

where a
Teff = m' (15)
The fermula (14) is similar te (2), Therefere, the equatien fer

Doy 80 be ebtained by substituting Tmin in Eq.(3) with Teff -
the effective width of the curve n (t):

(16)
374
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Subatituting Tepp, in kq+(16) with the cerrespending expressien
given by Eq.(15), substituting U in accerdance with liq.(11) and
using Eq.(10) and (13) we ebtain

Ve \ Aoa XD
/va = l/ . -—j—‘- )
ax ( 7" Koo Ep 4 ()) Z(Kv;/) (17)

where

2 4 V7y?
w - P - el - __b____N.,...,_ ’ p It
Oy P (e ey V)

/ g_ﬁ—;——‘~ ==/l / 4 X (18)
Functien ‘W monotonisally incresses with ¥ te equal % at
Y =l. Facter %%2’97) is below unity and becemses

unity enly if Xﬁ coincides with the material parameter (very
great transverse dimensiens) and the migration area is fully
described by D/E .

Iet us now take up the case when ¥ > 1, We will write the
solution in the form

no~d T [()Hé) x Vet | )

It does not beceme zere at X=0 or X:ax. However, if 5 is
sufficiently small and ay sufficiently great, n will be small

at both boundaries of the core, This is in accordance with the
actual condition that in the blackened areas n # O. The neutron
density here depends on power of the available neutron sources
(spontaneous fission, éxternal irradiation, =t the rear front-
delayed neutrons) and on the degree of subcriticality. Naturally,

it is very small compared with S especially at the forward fro,
Asymptotically Functien (19) has an exponential form

exp [~ XX, {a—\/}?,)]

Therefore, if at X = a, the flux is te be by several orders
—_—
smaller than ¢ max the value 4 X, (b'_y)-z_, ) should
be equal to at least a two-digit number,
The non-uniformity factor is now described by the formula

(20)
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For 0oy Ve obtain the smame formula (17) in which, hewever

<,
F(v)~dyeso (- = bn “V* ) ys
Wy Vras /. / (21)
At Y =1, \ remalns equal t:o 4 . A8 ¥ rises the fun-
ction W omnotonically increases tending to unity at ¥~

Therefore, the maximum neutren density (U —-ee, %_ig)—*/ﬁ:/)
does not differ from the maximum neutron density for pulsed re-
actors., Of course, instantaneous shut dewn ef the reactlen by the
rear absorbers ( é = 0) is an idealizatien, as is the instantaneous
shut down ef a pulsed reacter.

As 1s the case with pulsed reactor Doax decreases if negative
thermal effect (decrease of 36,( during heat—up) is used instead
of forced shut dewn.

4, Reactors with Heat Transfer frem Fuel te Ceelant

In reacters of such type high neutren density can be ebtained
enly with small transverse dimensions eof the fuel elements, minimum
volume of the structural elements and small transverse dimensiens
of channels with the ceolant. therefore, physically this reactor
is almest hemegeneeus type. let us represent this reacter schema-

\? tically in the form of a mixture of nucle! of twe kimds. Fuel nuclei
with atomic weight A, are as a rule at rest, The macroscepic scatte-—
ring cross-sectien in the fuel elements is equal te 2y and
their volume part in the reactor is S 1e The average cesine ef the
scattering angle in the centre-cf-maas system is /’f 1° Per the
coolant whese nuclei meve at an average velecity ef U2 the cerres-
pending characteristics are designated by index 2. Then the wvalues

u ,O- lSES/ p=4_p_ &,2—“_
' S E 5 Z ’ E A 1< ‘-—-———-————‘5 (22) ]
$/ 1< 82, ,Z_$,* Szz—_sz N
will be the probabilities ef scattering en the fuel and ceoelant

nuclei,

The velecity V° of a newly formed neutren may be directed te
any side with equal probability. Therefere the average value of
the vector Vg is equal te zere, Assuming that Py, M 4 are indepen—
dent frem the neutren energy it is quite easy te calculate the
average value of the vecter i - the velecity of the neutren after

374 N
-=8= a

Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110021-6 ‘



Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110021-6

K collision events (Sce the Appendix):
, [aeprm , B |
?/ ,/— | 14 /f; ] M—.—~-N/ ’/fi" '

re b S - S
Yo [BLprd) Bl d)]
— IR //l /4 01' /

— T By ()

The time taken by the several initial collisions ef the neutron
is usually shor’ as compared to the neutron life, Therefore, prac-
tically during its entire life the neutron in general moves in the
direction of the coolant flow (i.e. in the negative direction) at
a velecity the absolute value of which es equal to

g L
W =

v YYD N G2

! -+ A 1+ /2

Pl 2n)

As U, is small as cempared te V, the variation of the abselute vele-
city ef a neutren with time practically is similar te that with
slewing dewn in a stationary medium, Censequently motion ef a part
of the medium can be well evaluated by evaluating the averaged me-
tien of the neutrens at a velecity Uav’ An additienal term will
appear in the balance equatien ef a statienary reactor, which will
be written in the right-hand part:

- d?
% (.d,:‘i +6£:’¢) - — 25)
(a similar equatien 1is treated in Ref.6).

Equatien (25) is ebtained frem (9) by substituting U with U, .
Therefere it 1s desirsble te redetermine the parameter ) :

¥ = oy (36)
AV ¥

Hewever, the fermula (15) fer T o, still centains UZ' As &
result an additienal facter-ratie U,/U . eppears in the formula (17).
Simultaneeusly, qu has to be substituted with qumu,i.e. heat
accumalated by the ceelant has te be distributea threugheut the
entire cere. We obtain

374
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/["'“k’ - /)? b ‘Z[.//’ ) {‘{Iml X, Y(/X) igi fO~- £{/(£
Y T2 Uay @0
( E = the absorbtion cross-section in the core and not in the
coolant). To enable the reaction Lo be maintained at ¥ > 1 the
coolant entering the reactor must carry at least  small quantities
of neutrons. Otherwise, even with Y -1 the reaction can net be
maintained in the reactor with a finite height, ef the corec.

To sum up, the maximum neutron density in the reactor with sta-
tionary fuel and moving coelant differs from the maximum density in
the homogeneous or pulsed reactor by an additional factor S2U2/Uav'
In accordance with (22) and (24) this factor is equal te

y /7,('/‘,‘ ' ) 2 (/+ /:;,J
Sels 1., (5 - )] - ECn ) - fulioptd
Sy

Wav T - Ll
/‘f /92—

(28)

If S:fO the factor is equal te unity, as would be expected (hemo-
geneous reactor), It is alse equal to unity when L /z,( 1 Z a1
are equal te 12,/142, 5_ gos respectively. In the general case it
may differ somewhat frem unity, but it is very doubtful that any
suvstantial gain can be obtained frem the stationary cendition ef
the fuel (it is net worthwhile te increase —%—‘% at the

expense of low density of the coolant since Qm:ax also decreases),

5. Reactors with Opposing Streams
The slower rate of growth of n when the coolant velocity
approaches 2VD£X is due to the increase in the length of the region

where the chain reacton is going on:since with (U — o) the lengh of
the fissien reaction zone rises in propertien te U the heat liberatien

per volume unit ef the cere ne longer grows, i.e. the neutren densi-
ty n reaches its maximum limit determined by the formula (4). Te
overceme this limit the amount of neutrons carried away frem the
reactor by the coolant must be decreased. As was kindly advised te
the author by N.N.Ponemarev-Stepney this can be achieved by splivting
the coelant flew inte st®eams and directing the adjacent streams se
that they face 2ach ether. Let us find the required degree of the
coolant flow splitting. The reacter te be assumed hemegeneous. The
streams will have roctangular sectism with sides q,y and q, times
4

- 10 -
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~

smaller than the correspending dimensiens of the reactor and
a,. If the velecities of the streams +U o bthen, using the Feurier
series fer a "chessboard" we obtain:

[72haN
[y z) He gg ﬂdﬂ)(.lt‘r/) £im /[2&/)? ry]&" (-?/f*/)7 ‘ZI] (29)

This fermula must be substituted inte the equatien

oF .
ax 0 _
(30)

which i3 true if ay/q_y and az/qz are great as compared teo D,
Let us seek the solution ef (30) in the form of a series by
the inherent functions of "an unperturbed" eoperater

4 V¢ ¥
o *V (31)
having the form

y;;,[)/( (X' .‘/, 2’):5//2(/1.% X/)J/ﬂ (a’{:y)_{in (K%-z)

The cerrespending inherent values are equal te

A 6= 2= (12-1); (gw)_»:qkz, Fa
i‘

where

<
= et (Zr + L ¢ 27:-)
4&
Qx J’ 2
(34)
is the variation of the critical material parameter caused by "per-
turbation" - motien ef the coolant (the perturbatien operator is

equal to Sk- LL o). e

ax
For expansa_on factors @ by w n,1.k Ve obtain, in the
P Rt ]

- 11 -
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usual way a gset of cquations in tho form:

‘\u‘(,k Cn,(’,K *Z 6"”11,!,& , MPu

mAu

mew 0 (35)

The matrix element contained in this equation is determined by the
relation

(5//:(/@ fy/ZK '—_wy/nﬁwd’(a{ydz/jwf a&d_yp(il

and is equal te

éf/n(x mPuUt £ L ("L}ZZ A(m*/ﬂo(&p*% (Kf(( 17)

mn €PKU ¢, 9, (36)

* hiopr [(“,/) gL [(4/))/[(35,/)9 ({.p)‘//ﬁz‘f//g /«a)//:&ﬂ f&[/ﬂﬁ

where

- 1 1fAis an edd number
h) =
0 if h is an even number (37)

The equatiens become simpler at great q,y,qz, when appreximately

Wuo

("*’) f(fz/} /"“l)ﬂ ~Saet ‘ZZ (7)4(”"’?;‘7-7;{(38)

MPU SO taf

[ 2le c” H
8 (P+l 9,)4 (mu,%)m

[Mﬂ)g ~(r¢) (uf/)¢,~(p~69] &zg *1)§y(%*4) W

8 n, | (2841)q -1 (2t+1)
are ef the erder ef the unity, then qy l, ’ :

; G T %
350D (%47) XML
$ Fo
(2841) g3 2z ,.(,g,t,./) 91..2'4.
of the erder of the unity, then

L U,
Choe-"\‘.'vc;‘.(',' 2 D

2 7 L2t
g * —
Wity

If n,1,k are

34

-12 -
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If n=1=k=1, only those terms arc ossential in the right-hand
part of (38) in which m,, ,(28+1)qy-P ] ) ,(2t+‘l )qz—U[ is of the
order of the unity.

Bearing in mind these considerations the fellewing formula can
be easily obtained te change X"" compensating for the entrainment
and carry-ever of the neutrons by the flew:

SE Vs [ Syt Traythay
/) 1o Lis b B0 10 )Y g (50t 1)
) (39)

U
¥ -7?®Xsr‘a

- 0lTL spt T
xﬁtr - 93_&3_ fgz_ 02 (41)
is the geemetric parameter of ene stream.
The factor in square brackets in (3y) dees net practically
differ frem unity so that the effect of the neutren entrainment
on the critical size is insignificant if ’X str < 1,
Disregarding the facter which is clese to unity and coensi~
dering (34) we write (39) as follews:
Tk 1- 2 /22
2t T 7, /) (42)
zi/a
PA
;{y’z— r f{ (43)
-~ W
o™ FIEY) (44)

1.
Y

%9;—1.+ A
ay >af | 2Xiw

&
A 72 (45)
+ <
at " 3% g
The value g characterizes the degree of splitting +the flew

inte streams., Fer each value of the parameter ( ¥~ R /4q) there is
174
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an optimum valuc of 51:";’, /./xl at which o ia clescst to the mini-
mum value of Y /X, il.e. the neutron density s moximum., Te cn-
gure that the difforence between a and /@ ig nobt great
the parameter ( Jo /ﬂ-q) must not oxceed unity. Whence the
required degree of Split;tingx):

Q¥ (46)

For example, to raise the neutron density by one order higher as +to
its maximum value in a pulsed reactor 3/0 must be approximately
15, Q gq, approximately 4.

6. Conclusion

Tt is not an easy problem te obtain neutron densities olese
to the maximum values determined by the fermulas (4) and (27).
With fast-neutren reactors this becomes downright impossible
since there are no methods by which the reaction can be shut down
during the time Tmin determined by the formula (1). Even scattering
of the materials due to their thermal expansion or evaporation does
not proceed quickly enough (naturally, at 8( 1 ev). The theore-
tical 1imit can be reached more easily in a pulsed resonance reactor.
With thermal-neutron reactors the theoretical limit can be
closely approached net enly in a pulsed reacter but alse in a homo-
geneous reactor. The required velecities of relative motion of the
core and the reactor bedy ceme clese teo 102 m/sec (at b/ ~ 1)
For reactors in which the fuel is separated frem the ceolant such
velocities are less feasible than fer homogeneeous reactors as the
fuel elements must withstand the coolant flow but their thickness
must be reduced to the minimum te aveid excessive intermal overheating
Further increase of the velecity (U > 2VD & ) will be of no avail
unless eppesing streams of the coolant are used. In a cyclopile
this cemplicatien ef design is very impertant. Se, inside the re-
acter with a nen-ioenized ceelant the neutron density of erder
II;O'mcm-5 can be ebtained only in case the neutren spectrum is thermal.

.Strictly speeking with X °/4q ~ 1 formula (%9) cannet be
applied.

~
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However in the reflector a higher neutren density than 10 'em™
is avilable by forcing the resonant reacter.

With resenant spectrum X: 1, when U is measured by kile-
meters in second. Therefere resenant neutron carryover is net
impertant, the length of the core of a resonant reactor is inde-
pendent en U and thermal stress is limited enly by a permissible
velecity of the fuel and the core metien., The neutron density in
the reflector, static to the core, does not directly depend on fuel
concentration in the core, i.e, hardness of spectrum. This density
may be 1-2 oxrders more the neutren density in the core of the re-
gonant reactor and the limit established by formula (4) is net
valid for it.

But one cannot coeunt en a high gain compared to the thermal
reactor. In the reflector heat is liberated which is te be removed.
Se thermal neutren carryover by & coelant is alse limiting

the avdilable.flux,

For many purpeses, merely ebtaining high neutron density
i3 net ensugh: this density must be retained for a comparatively
long peried of time, Obvieusly, in this respect the cyclopile or
homogeneous reactor are superier to the pulsed reactors. It also
quite clear that production of a high neutron flux teo be maintained
for long periods of time with minimum expenditures places specific
requirements on the selection of the core materials, its size and
construction.

7e Appendix

Agsume that Vc and V(': are the neutron velecities in the
centre-of-mass system before and after collision with a nucleus
whose velocity and mass number in a laberatory coerdinate system
are u and A, respectively. As Vc = V; it can be assumed that V(':
results frem the effect produced on Vc by some randem turn ope-

rator i.e.

vi=07, 1)
The average cosine of the turm angle isJVl y leeo

(\—’u 6 (’D)av. =M Ve

ik

(2)
- 15 -
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As the average value of the vector 0 \70
is the vector parallel to Vc' trom (2) it follows

((9 Vc)ar, :/W l7c

Take notice, 9 is a linear operator,
The neutron velocities in the laboratory system before and after
collision (V and V') are related as follows

F. Vr Al g L7 1+A6 . A0 &)
/+ A 1+ A !+4 /+/9
If there are two kinds of nuclei and the probabilities of
collision with them areequal %o P and P2 then

(3)

(4)

i' = Iﬂ; + 6 (5)
where I and O with probabilities Pi are respectively equal te
x A 4+ A @L.
S A (6)
)41' [“/-9'.) [,Z

615 = 7 B
A )

From the formula (3) it follews that by averaging (5) with res~
pect to collisien the operator 01 can be substituted with /\4 i
se that

Vav I‘avv + Oy (8)
Loy = Pilyay + Polbogyr Oy = P10qay + P05y
and I‘i av and Oi ay 8re ebtained frem (6) and (7) by substitu-
ting 01 with My, l.e.
1+ A M, 1+ Bafrz _ /‘7_[’&2 Ao (112)
P P.b " /Z’; 1+4, [+ A,
oL

l+A,
)

A () - 1-2) -
_P /ﬁl[/{/’+a JQLI[?%—;—)——W& (10)
g% -
Now, let us take a neutron with a randomly oriented velocity Vo
after K collisg._ansu Its velocity Vk can be obtained by applying K
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times the formula (5). The average valuc Vk av is obtained by
subsequent averaging for all collisions and aversaging for initilal
directien Vo' However, since the collisions are statistically
independent (we take that Pi and /w 4 are independent on energy)
the same result can be reached by applying K times the formula
(8), assuming that \—lo ay = O We obtain:

]}; av :aa/\/- +-’t/af‘/' {604/.*((144/.[00/0"* rogW (Oﬂvfn/au ) 11)

K-l =

- O—M*Jamam/*og;,m éav.* ol av. Qav.=

Or

/f'/h,

A y A -
7 [, (p L2 op, pehs R (- )t B (mprd) Uy
" 7+#[7/)’)*&/,4¢,[//’7)
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